Abstract Financial market in oil-dependent countries has been always influenced by any changes in international energy market, In particular, oil price. It is therefore of considerable interest to investigate the impact of oil price on financial markets. The aim of this paper is to model the impact of oil price volatility on stock and industry indices by considering gas and gold price, exchange rate and trading volume as explanatory variables. We also propose Feed-forward networks as an accurate method to model non-linearity. we use data from 2009 to 2018 that is split in two periods during international energy sanction and post-sanction. The results show that Feed-forward networks perform well in predicting variables and oil price volatility has a significant impact on stock and industry market indices. The result is more robust in the post-sanction period and global financial crisis in 2014. Herein, it is important for financial market analysts and policy makers to note which factors and when influence the financial market, especially in an oil-dependent country such as Iran with uncertainty in the international politics. This research analyses the results in two different periods, which is important in the terms of oil price shock and international energy sanction. Also, using neural networks in methodology gives more accurate and reliable results.
Introduction
Financial time series has always attracted interests because any dynamic changes caused by economic and political issues influences the analysis of economic and financial variables. For example, in 2008 and 2014, global financial crisis affected interest rate and crude oil price. As a consequence of both crises, there are some sharp downward jumps in the revolution of interest rate and crude oil price. These fluctuations have a strong impact on the economy by disturbing aggregate economic activities. However, the transmission of shocks to economy is hard to explain because of the source of uncertainty that may be driven by supply or demand shocks in the case of oil price. Some researches proved that oil price shocks have different effect in different economies. For example, Kilian and Park (2009) finds that the oil price shocks have different effect on the U.S. economy than on oil-exporting countries. Wang et al (2013) find that oil demand shocks have stronger effect on oil-exporting countries. In this regard, it is expected that higher oil price leads to higher revenue, cash flow and therefore growth in the economy and financial market [3] . There are also concerns about the contagion effects of these shocks on the other financial time series such as stock market, commodities and energy indices [41] and [40] and [2] and [30] and [28] , which makes the modelling and estimation of financial variables complicated [21] . hence, understanding the underlying behaviour of oil price is important to keep track of any influences. In this paper we aim to model the effect of oil price volatility on stock market and industry indices. In particular, we investigate how potential uncertainty because of political and economic issues affect financial time series under study. Alongside that we choose Iran as an oil-dependent country where has been under international energy sanctions. To shed light onto the aim of the paper, we apply a feed-forward neural network to capture and model the effect of unusual behaviours in our datasets. For this purpose, we took an inspiration of several papers that used neural networks to model financial time series with different shocks [15] [1] and [32] and [35] .
The reminder of the paper is organized as follow. Section 2 is a summary of literature review, section 3 presents methodology, section 4 is the empirical results and section 5 is the conclusion.
Literature Review
Since several global financial crises in the past, oil price has fallen sharply and influenced other global and local markets specially oil-dependent countries. Hence, stability in the oil market became an important subject for policy makers and different industries. There are also some evidence that the dynamic of macroeconomic variables, in particular oil price, affects the industry and stock market behaviour [13] and [31] and [42] and [5] . for example, in 2008 to 2009 oil crisis, stock market followed oil price [10] . differently, Sadorsky (1999) investigated that the dynamic of oil price changes has a negative impact on stock return and industrial production responded to stock return changes positively. Similarly, Wei and Guo (2017) show that oil price shocks have an unstable effect on Chinese stock market. From different results there is still no consensus on the exact impact of the oil price on the stock market. Furthermore, the relationship between oil price and stock market depends on different situations such as the source of global oil shocks, political issues, emerging stock market and whether the country is oil-exporter or oil-importer [4] and [39] . Kilian and Park (2009) find that oil supply shock is not important as oil demand shock in the US stock market as an oil-independent economy. Arouri and Nguyen (2010) studied the relation between oil price and stock market at the aggregate and sector levels and find a significant correlation between these variables. Mensi et al (2013) find a significant volatility transmission between the U.S. stock market (S&P) and commodity indices. They indicate that the volatility in the S&P index can influence oil and gold markets. As it is well understood, the dynamic of oil price and stock market are complicated to get to a conclusion that covers different economies and periods. Therefore, it is crucial to consider different characteristics of the global and national economy and specify the period of study. In this paper, we focus on the stock and industry markets in Iran as an oil exporting country, which has been under international political conditions for several years. Moreover, we compare results in two periods of oil price shocks and international energy sanction to cover all possible scenarios in the study. The reason is Iran's vulnerability to oil price fluctuations as 60 percent of Irans government revenue is from oil export earnings [9] . During 2006 to 2009, economic growth has been volatile and decreased to the lowest rate 1.8 percent simultaneously with global financial crisis [43] . Despite the fact that high oil price is beneficial for oil-dependent economies [22] and lower oil price creates instability in oil exporting countries [23] , it was expected that the economic growth increases after the global financial crisis with rising oil price; but it did not happen and the economy had a downward rate to -0.2 percent in 2013, which is questionable. A possible reason is international energy imposed on Irans industries, in particular oil and banking system. It created many restrictions for oil exports, industries and Tehran stock exchange since over 40 percent of industries are involved in the market. Salehi et al, 2015 find that there is strong causality between oil price volatility and stock price in Iran. Therefore, we offer the ideal setting to model the correlation between oil price and stock market and industry by considering gas and gold price, exchange rate and trading volume as explanatory variables.
Overview of Oil price shocks and International Energy Sanction
Sanction as a pressure tool has been used by policy makers to make changes in policies or achieve certain objectives. In general, sanctions direct the Achilles heel of the target; In the case of Iran, restrictions have been focused on energy industry to block any foreign investments in Irans energy industry, exports, and business dealing [34] . It is clear that any services related to the target of sanction have been also involved such as banking system, shipping and insurance, web-hosting services and domain name registration services. In 2007, United Nation Security Council imposed sanctions on Iran and to enforce this country to suspend nuclear activities and also meet the requirements of IAEA (United Nations Security Council. Sanction Resolution no. 1747: UN; 2007. Security Council of United Nations. Resolution no 1929; 2010) It continued till 2010 and banned Iran from any activities related to ballistic missiles and blacklisted all entities and individuals involved with this program such as travelling and financial services. As US has prohibited all countries from having any deal with Iran, European countries have kept the distance from Iran. These countries dont want to take the risk of losing US financial system because most of international trades are done through the US banks. However, they are not willing to loss investing in Irans energy industry as well. In November 2011, The US, UK and Canada imposed bilateral restrictions on Irans oil and petrochemical industries; UK enforced all British financial institutions to stop doing business with Iranian counterparts. In 2012, Iranian banks were disconnected from the SWIFT (electronic financial transactions). Also, the US tightened sanctions on Irans central bank to block the only channel Iran to get the get the oil export income. Since 2008, the oil market has witnessed two crises. Our study covers the recent oil price shock in mid-2014 When the oil price dropped from 109.62 to 41.5 dollars. Irans oil export dropped from 2433 bp/d to 2371 bp/d and 95 bp/d in 2013. The oil export downward trend was continued to 2014 and Irans energy industry suffered from consequences of international energy sanctions especially from US imposed for more than two decades [16] . Sanctions on oil trades not only disposed Iran of foreign investment flow, it also impressed Irans share in gas sector by disposing access to energy technologies such as LNG technology, which is important for competitiveness in the gas market. As a result, Iran has not been able to exploit gas. Moreover, the national currency, Rial, fell to the lowest record against the US dollar more than 80 percent since 2011. Simultaneously, the government had no choice but to borrow from its Central Bank, which resulted in an increase in the money supply and then inflation [12] . Iranian gross domestic product (GDP) per capita was decreased from 6.95 to -0.87 and 0.147 from 2007 to 2009 respectively [43] . IMF predicted that situation would face Iran to a budget deficit and economys vulnerability would increase [16] .
Non-linear model
Oil market and economics is a two-way street and oil price is influenced by many factors and also effects on the economic variables; Hence, modelling has always been an issue for forecasting and decision making. Some studies used econometric models to show the correlation between oil price volatility and stock market; for example, Wei and Guo (2017) applied VAR (vector auto regressive) to show the effect of oil price on stock market in China; (see also, [19] and [38] and [18] . It seems that the statistical methods, that are built on linear assumptions, cannot capture complexity and uncertainty in financial time series. In this regard, researchers were motivated to explain the nonlinearity of financial time series by using artificial neural networks ( [26] and [37] and [24] and [14] and [6] . The results show that artificial neural networks produce better results than other techniques in simulating unanticipated features of time series. It is because artificial neural network is a data-driven and non-parametric model. In addition, artificial neural networks with simple architecture can be applied to different situations in finance and economics [11] and [8] . besides, it has ability to capture subtle fractional relationship between variables even in time series with different shocks [1] and [32] and [35] . In this paper, we focus on the feed-forward neural networks to explain the behaviours in Tehran stock market and industry.
Methodology
In this paper, we use Feed-forward network as a precise technique to analyse the results of study in two periods International energy sanction and postsanction.
The feed-forward architecture
The feed-forward neural network in this study is a layered network with fully connected hidden layers and outputs. In particular , Feed-forward network can arbitrarily and precisely approximate functions with many finite discontinuities as well as their derivatives. Learning the neural networks is important to optimize its architecture by modifying the weights. If learning is done properly the neural network can update connections of neurons and modify weighted function data. The main steps for learning networks are first initializing the network weights and comparing the error values between calculated and observed outputs to find the correction vector. Then, the weights for connections between errors are recalculated by determining the correction vector. figure1 and 2 represent a feed-forward neural network and the activation function. 
is the number of inputs shown by p, k is the number of neuron's layer, W is synaptic weight, b is bias and a is hardlimit function
The mathematical structure of the network is shown as follow:
where u k is the output of the adder (sum of the weighed input signals)
where y k is the output signals of the neurons The feed-forward network in this paper has five inputs including oil price as independent variable and gas and gold price, exchange rate, trading volume as explanatory variables and stock market and industry indices as outputs. In every period of study, hidden layers are calculated as follow:
Hidden Layers = 1 2 (Inputs + Outputs) + Number of training patterns (4) In order to specify shocks in time series, we use hardlimit transfer function and the datasets are also divided into two period of sanction and post-sanction. Finally, we estimate RMSE and MAPE to assess the accuracy of networks as follow:
Where s t and o t are actual and predicted values at time t respectively, and N is the number of observed data.
Empirical results

Data
For analysis we used information from Iranian Central bank and Organization of the Petroleum Exporting Countries (OPEC). The data comprises daily prices and values for oil, gas and gold price, exchange rate, stock market index, industry index and turn. The empirical research selects 10-year period from December 2008 to December 2018 and it covers international energy sanctions and global financial crises. The reason to choose OPEC oil price is because Iran is a member of OPEC and international crude oils follow the same trends more or less. Table no. 1 summarizes the descriptive statistics associated to the research variables. The information from skewness shows heavy tailed distribution for most of time series, which can be explained by the fact that these economic variables witnessed global financial crisis in 2014 and international energy sanctions imposed on Iran. The motivation to choose these time series is because of irregularities during the period of study caused by global shocks and sanctions. 
Learning Feed-forward Network
The period of International energy sanction
The first dataset includes 1845 data from 2009 to 2018 when international energy sanction was tightening on Iran. The datasets are divided into two sections, the training set and the test set. 25 percent of dataset is used and then normalized as test set.
In the first pattern, there are five inputs including oil, gas and gold price, exchange rate, trading volume and stock market and industry indices as outputs separately and 40 hidden layers are calculated.
The results of learning feed-forward network presented in Figures 
Post sanction and global financial crisis
The second dataset starts from 2014 to 2018 when oil price was influenced by global financial crisis. In this period, international energy sanction was eased on Iran. Similar to the first pattern, 25 percent of total 1540 data were selected as test set. The network includes 5 inputs, one output every time and 37 hidden layers. The learning was run 1234 times till the network became converged. The results with 90 percent accuracy for both stock and industry indices is presented in figure 5 and 6 respectively. Figures show that the feedforward network has the ability to produce a good prediction by considering other economic variables as the data is so close to the perfect fit. The average percentage error (MPE), estimated root mean square error (RMSE) and mean absolute percentage error (MAPE) from learning feedforward network for both stock and industry indices are listed in Table 2 .
Take the stock market index in the first period for example, the values of criteria MAE, RMSE, MAPE are smaller and shows that the model has a better performance than industry index. 
Conclusion
In this paper, we analysed the impact of oil price volatility on stock and industry indices. In order to have a more realistic and accurate model, first we considered gas and gold price, exchange rate and trading volume as explanatory variables then we applied a Feed-forward network to capture all features of time series under study. Finally, we compared the results in both periods of sanction and post-sanction. The first set of results indicate the positive effect of oil price on stock and industry indices, which is supported by empirical studies [17] and [7] and [29] . In addition, the feed-forward networks predict stock and industry indices with 90 percent accuracy in both sanction and post-sanction periods. From the evaluation criteria, we found that the oil price shock has a significant impact on stock and industry indices in the period of post-sanction. In the other words, industry and stock market indices are influenced more by oil price shock in 2014 than international energy sanction. We can draw a conclusion that Iran as an oil-dependent country is more vulnerable to endogenous changes in oil market such as crises. Our study also indicates that stock and industry indices had a smoother increasing trend in the period of sanction, while oil price was increasing from 2009 to 2014. The possible scenario for these slow changes is because of the presence of international energy sanctions. On one side, Irans oil export was restricted; on the other side, Iran could compensate the lack of oil export by changing the target markets to export oil and increasing gas export instead of oil. In this paper, we have addressed the important question how different disruptions in the oil market (due to sanctions or price shocks) influence stock market and industry in an oil dependent economy. The results point out complexity in analysing economic and financial variables, which requires a special attention to all important factors and aspects of the economy. Future research might concentrate on the source of oil price shocks which best captures the effect of supply and demand on industry. Finally, the effect of oil price shocks and international energy sanction on the oil-dependent companies in stock market is matter. In addition, another interesting direction for future work would be to apply the proposed method on indices in banking system.
